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Description 

FIELD OF THE IIWENTION 
[0001] 



The .ven.^„ ,e,tes to rechargeable elect«:hea.fca. ..cali^e^^ 
BACKGROUND OF THE INVEIVTION 

anode in the from of metallic lithium, a iSSJ sS^S^Z^^^oTr^ ^ ""^^ '^'''^^^ 

electrochemically active cathode, wh.ich maylTchLlSeSte .« T "'^^ ^'"♦""y^*- ^ 

meable separator placed betwe^, the aJSe^ IhVZJT "'"If' °' ^ ^ ««""P«^- 

short^ireuitlng. ^® ^ "'^ ^» separator acts as a mechanical barrier against 

gap between the cathode and the anode aSSei ^^iSi f,t^^^ bridge the 

[00051 One way which partially overcom^tow clu^^ '"ort-circuiting. 

large excess o, lithium in L ceX tot foti S^L^^^^^^^ 

anode Which is typically 1 50 - 200 ilferons in a^ M si^^^^^^ 

and attainable power of the cell, the compara^ivl m^k Itiit I^^^^ a correlatK^ between overall anode area 
therefore to relatively low power dens^tSSrqetd ftll tr ^^'^ ^ ^ 
cell reduces overall cell capacity the SaerXn^nuL2 ^ '""ium excess in the 

tively expensVe. cell cost fe -^la^^ ''"'"'"^ "^'^^^'"y '^9«'«"s. and as lithium is com^« 

S4.s;r:^ti[T;«r;^s^ 

mA/cm2 which results in long charging tim^^ ^ '^'"'^'^ ^°"s«y. ^P^^^ 0.3 

ions to form Li, Cg, where x is lower man 1 ^ as coke or graphite, intercalated with lithium 

has a bulk d«,s«/ no greals, ma, 7HHW olittSS™ M^JT^ l*i«n alo, o( Ihs nsfiallv. 

a light m«al which fom, fte anodaV .ieSSSSS ""^^^ Th. IUhlun, I, lnco„=«alM h 

Iha Hlhlum Ions. """""""toandijihium h«ialliiaoan.nalo may M usad to pravlde 

oapahia 01 ,av.™», ,„„,pomfcg a l.,«, ol » aS „SS^,S^"^ c»"P«, a tot ,,«.d, 
versiMy Ineorporallns therein aM lhaul lorr aMan ' ° "'•^ " 'e- 

etact^daa. cha^aedsed m thai the « 1^^ "haST» ,^^^ ^'1 T^^"' "<»^ 

cha*..wh,.ahy,he.to^.,ae.„,a.'„,.r::r??r,Sr;SSr?rt^^'^^^ 
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in contact with and separating the first and s^y^nrf^JM^wT^^ ions of said allcali metal therein and an electrolyte 
thereby pteting .he surta^^cJt^e flrs eTectrS wi't^ifmeS^^^^^ ^'7' T ^« 
electKxJetothesurfaceofthefirstelectrodethroui thel^ecSa 1^^^^^^ ransforred as ions from the second 
in the thickness of the first electrode ^Sto^e^lV^^ 

thereby reducing the alkali metl dendrrte fo-^Jt^n ' '^'^ "^'"^ 

Po^sseparat^therebe.^^ 



[0015] 

therein a 



Further, In accordance with another aspect of the invention the elactrolvto k » nnn-o«..« 
salt of said alkali metal such as LiAsF: LiBF. and a nonaqueous solvent having 

DETAILED DESCRIPTION OF THE INVENTION 

[OOIBJ As illustrated in the drawing, a rechargeable electrochemical cell ir^arr«rHi„».^ 

of the present invention preferably comprises an anode dl i ^ "° ^'^^^"^'^ embodiment 

14. a non-conductive „ilcroporous se^ratorTe^S a "hS ^such 1 «^ 

metal oxide. The lithiated metal oxide can be a nthla?«^ ^=7^ 1 .■ ^ 3'"""""'" supporting a lithiated 
netting. Alternatively, the eTe^JoS^ lnS^^^^ 

trolyte based on PVC/PC doped with lithium rtt^h ^^e^^ZtS ^^^^^ S.^Tl^T'^" 
0019] The anode in a cell according to a oreferrad erntenl-rf^^ US Patent 5,252.413to Alamgir 
support Which « a thin conductK,e J'o^theCa^onSTZ Trj^ ^ZTr:^^ ' 
in-situ during charging of the cell in which the anode istaSed ' '^""'^'^ 

tKcr^verrbire-jtirr^^^^^^^ 

advantageous mLhan^a, proS^fTeSrh fni; ^ rpprri^^rrr^^^ TT' ^ 
ar:Lt^rpr^^^^^^^^^ 

at comparatively high current, during a short charge time Furthemiore t^m conl^^',!?: ^ '^^'^^'^ 

pore™ roparalor m a layarol a IMum S^^^^TT . ^ ' °' ""KoMMiva 

lanoneaaBtacluaalhaanodatrarfta a«T«i*«r """"^ ^'-S^a and llioretoe lh,» 

««.. and ^ p„..aa ^ ,s ?.»d on LC^lIS:!:;^'^*^:.'^^^^:^.^^ a^ 
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EXAMPLE 1 

S T.^ "'f ',^1'^" "^'"9 'o"o*^"9 components- 

S ^.^''^^ *^ as the anode support 

[0028] The cathode is made Of UCoO. Dressed on hntKew-«-«-rr - 

was used as a conductive m^enalS^P^t"^^ '"^ °' ^"PP^^. Five weight percent graphite 

and inserted into a can made of nickel plated Lei ThTrZ JZTT ^ ^^^^ a spiral wound configuration 
The electrode was introduced to the cSf^h^^ a^n^T^^^^^ *° P'^'"^ "«"«"9. 

welding. ^ ^ *'P*''"9 •"^ «n bottom. This was followed by resistance 

eleetio<)«>feac(4«Jcm» 'M™™nm. Thh result. ha potttiiw 

COMPARATIVE EXAMPLg 

during the charge process of cycle 24 This shortino orruZTrZ^Tf I ^T'®" ^® "tefnally shorted 
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EXAMPLE 2 



EXAMPLE a 
[0038] 



EXAMPLE 4 



[0039] A cell was made as the cell of ExarriDle 1 eifcent that th<> * • ^. 
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in the first cycle, a value that decreased to 0.70Ah after 1 0 cycles. 
EXAMPLES 



charge. Cell caoacftv dacr«p««H tn n oak .L. « Jf/ ^^"^ ^ ^® delivered I.OAh at the first dis- 



charge. Cell capacity decreased to 0.9Ah after 10 cycles. 
EXAMPLES 



'5 EXAMPLE 7 
EXAMPLES 

100431 A cell was made as the cell of Example 1 except that the electrolyte was 1 0 Molar ot LICIO In a mh^.-r. , 
propylene carbonate (PC) arid diethyl cartxanate (DEC) The cell OCVwsanlmvMrt,!'^ a '""ture of 

atthe sarne regime o, Example 1. icepfthatth?^^^^^^ 

[0044] Thecelldellvered1.25Ahinthefiratdischa,ge.CellcapacitydecreasedtoO.6O/«,atthe10thcycle. 
EXAMPLE fl 

EXAMPLE 10 

[0046] A lalwratory type ceil (Y. Geronov et al. J. of Electrochemical Society 137 flfloo) 3398^ wac fahri.=t»H • 
EXAMPLE 11 

S I^L'J '"'™™'™™*»««P*™«i»««*»»3Mre»iilsollhe above Examcles 1 . i, 
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40 Claims 



1. A rechargeable electrochemical cell (10) comprising: 

a first electrode (12) capable of reversibly incorporating a layer ot an alicali 



metal on a surface thereof: 



IS reduced. 



metal dendrite fonmation 



Z A rechargeable cell according to claim 1 . wherein the alkali metal consists essential^ of lithium. 

3. A rechargeable cell according to claim 1 or claim 2 wherein the eleetmiuiA ha\ i. -hi.- 
having therein a saft of said alkali metal or a solid kin^^ng ST ^ ^ ' 

4. A rechargeable cell according to any one of the preceding claims and further comprising 



a porous non-conductive 



6 



10 



IS 



20 



2S 



EP0689260B1 

^ separator (16) separating the first (12) and second (18) electrodes. 

8. A rechargeable cell according to claim 3. wherein the non-aqueoue solution Is UAsFj. UBF4 or LiCI04. 

7. A rechargeable cell according to any one of the preceding claime, wherein the thickness of the first electrode M2^ 
IS considerably lower than the thickness of the second electrode (18). electrode (12) 

& A method of making a rechargeable electrochemKal cell (10) comprising the steps of: 

assembling within a cell housing (20) a first electrode (12) having a surface substantially free from an alkali 
metel.asecondelectrode(18) incorporating ions of saw alkali metal thereh 
with and separating the first (12) and second (18) electrodes and 

S!l?«t^ 2?^' f *° ^^^''y ^"^""9 °' ««t electrode with said 

alkali rnetel which is transferred as ions from the second electrode (18) to the surface of the first elec^^e 

^^^ i.tT1'T\ "^'"3 Characterised in that the increase ^ the thick^ iTd ^Te^t 

rc^srtiii^r;^!^^^^^ 

9. A method according to claim 8, wherein said alkali metal consists essentially ol lithium. 

10. A method according to clam 8 or claim 9. comprising fomiing the electrolyte (14) either as a non-aqueous solvent 
having therein a salt of said alkan metal or as a solid ten conducting polymer. « a non-aqueous solvent 

porous separator (16) separates the first (12) and second (18) electrodes. nuuciive 
a» 12. A method according to claim 8. wherein the assembly in the ceN housing contains a first electrode (12) comprising 

T J « ; f,"f"-~"'^"'*"'e PO™"s separator (16) therebetween and a non-aqueous elec roiyteVu) in contert 
with the first (12) and second (18) electrodes and the separator (16). "roiyien*) in contact 

35 ^3-Amethodaccordingtoanyoneofclaims8to12.whereinthesurfaceofthefirstelectrode(12)isaconduc«^^ 

'\rrcSer.ra:ri^^^^^^^^^^ 

45 

17. A method according to any one of claims 12 to 16. comprising fomiing the electrolyte (14) either as a non-aaueous 
solvent having therein a salt of lithium or as a solid ten conducting fwlymer mer as a non-aqueous 

19. A method according to claim 10 or claim ^^ wherein the non-aqueous solution is LiAsFg. UBF4 or LiCI04. 
55 Patentanspriiehe 

1. Wiederaufladbare elektrochemische Zelle (10). umfassend: eine erste Elektrode (12). die an ihrerOberflSche eine 
Schicht eines Alkalimetalls reversibel inkorporieren kann; eine zwelte Elektrode (isl die^ IhlTnn^Jn II J- 



7 



EP0689 260B1 



metallionen reversibel inkorporieren kann* 
und 



Z"cf ^eS^ "JLlSrS t S^^^^ ^r-^* ^ '<-^'« und disss .rennt, 

Nickel. Ed^btehloderJhem^ek^^eJte^?^^^^^^ ""^ '"^^ (^2) aus Kupfer. 

Chrom Oder Gold beschichteten MeTbeiTun^S^JS^^^^^^ T 
limetalls auf der Oberflachs dsr erstsn Bmro^eT2)SZ^hS^llS ^ If ^""^ '^l^- 
2e,,e (10, ert,aht ^Vd de.rt. das Sine Dsndritb«S?s^^^ 

2. Wlederaufladbare Zelie nach Anspruch 1 . 

bel der das Alkalimetall im wesentlichen aus Lithium besteht. 

3. Wiederaufladbare Zelle nach Anspruch 1 oder 2 

a Wiederaufladbare Zelle nach Anspruch 3. 

bei der die nichtwassrige Losung LIAsFe.'LiBF4 oder UCIO4 ist. 

a vert*™ ™, wlM.™iM«™n eWtodv^tel,., Zai. (10). ™ *„ Sch««,: 

Zusammonstellen. ineinem2ellengehause(20) einererstenPioirtrnrt«/iox • 
sentlichen frelen Oberfiache. einer zwsitsn BsS fim Jte 

eines Elektrolyten (14). dermitdererstenTiaVS^K^^ des Altelimetalte inkorporiert hat. und 
flache der ersten Elekt^x^: J^m a^^J Je^t irFor^'ioT"'"^^^^ 

9. Vertahren nach Anspruch 8, 

bei dem das Alkalimetall Im wesentlichen aus Lithium besteht. 

10. Verfahren nach Anspruch 8 oder 9 

11. Verfahren nach einem der Anspruche 8 bis 10 

E^'^L^elfnt " '^^ '"'^^^ S«P-'0' (16) Cie erste (12, und zwerte (18) 

12. Verfahren nach Anspruch 8 

schenangeordnetennichtleitfahigenporo^rSepirS^n^ 

mft der erstsn (1 2) und zwsiten EiektroSe 'uS dlm'^iriTe,^:^^^^^^ ^^^^ 

13. Verfahren nach einem der Ansp.uche 8 bis 12, 
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bei dem die Oberflache der ersten Elelctrode (12) etn leitfahlges IMetalt ist 

14. Vertahren nach einem der AnsprOche 8 bis 13, 

^ bei dem die erste Elektrode (12) aus einem aJs Kupfer. Nikkei und Edelstahl ausgewahlten Material besteht. 

15. Verfahren nach einem der Anspruche 8 bis 13, 

bei dem die eiete Elektrode (12) aus emem mit Kupfer. Nikkei. Edelstahl. Chrom oder Gold beschichteten Metall 

10 16. Verfahren nach einem der AnsprQche 8 bis 12, 

bei dem die erste Elektrode (12) aus einem etoktronenleitenden Polymer besteht 

17. Vetlahren nach einem der AnsprQche 12 bis 16, 

f^^^L'L^^^^^^ ^'^^ entweder als ein nichtwassriges Losungsmittel. das ein Uthlumsalz enthalt. Oder als 
lonenlertender Festkorperpolymer geblklet wird. 



IS 



18, Verfaliren nach einem der AnsprOche 8 bis 17, 

bei dem die erste Elektrode (12) eine Dk;ke von 5 bis 50 Mm (Mikron) hat. 

^ 19. Verfahren nach Anspruch 10 oder 12, 

bei dem die nichtwassrige Losung UAsFg, LiBF4 oder LiCI04 ist. 



Revendlcatlons 

1. Cellule 6lectrochimlque rechargeable (10) comprenant : 

TT^'!^?Jt''^'T^'' ^^^^ "^"^ P®"^ incorporer de manidre reversible une couche rfun mdtal alcalin sur une 
surface de l electrode, 

une seconde electrode (18) qui peut incorporer de maniere reversible des ions de metaux ak»lins et 
un electrolyte (U) place au contact de la premiere (12) et de la seconde (18) electrode et les sep^rant. 

caracterteee en ce que la ceUule est k un etat non charge et la premiere electrode (1 2) est fomiee de cuivre 
de nicke tfacier »,oxydable ou d-un polymere conducteur d-eiectrons. et est fomiee d'un rnetal reX de ZZ' 
i H^^ilT in<«ydable. de chrome ou dor, et en ce que. pendant I'utiiisation. une couche de metal atealir; 
es^ deposes k la surface de la premiere electrode (12) pendant la charge, si bien que la pression interne de te 
cellule (10) augmente afin que la formatton de dendrites de metaux alcalhs soft reduite. 

Z Cellule rechargeable sekxi la revendicatkxi 1 . dans laquelle le metal alcalin est essentiellement le lithium. 

3. Cellule rechargeable selon la revendicatton 1 ou 2. dans laquelle reiectrolyte (14) est un solvant non aaueux 
contenantunsel d'un metal ateallnouun polymere sdWe conducteur d-ions "n soivani non aqueux 

4. Cellule rechargeable selon I'une queteonque des revendicatkjns precedentes. comprenant en outre un separateur 
non conducteur poreux (16) separant la premiere eiectiode (12) de la seconde (18). separateur 

J't^l'?if ''""^ quelconque des revendicat»ns precedentes. dans laquelle I'epaisseur de la pre- 
miere electrode (12) est comprise entre Set 50 jud. «'=H'<» 

6. Cellule rechargeable selon la revendicatwn 3. dans laquelle la solutnn non aqueuse est LiAsFg. LiBF4 ou LiCI04. 

7. Cellule rechargeable selon I'une queteonque des revendications precedentes dans laquelle I'epaisseur de la ore- 
miere electrode (12) est considerablement inferleure k I'epaisseur de la seconde electrode (18). 

ss a Precede de fabrication d'une cellule eiectrochimique rechargeable (10) comprenant les etapes suivantes : 

I'assemblage. k I'interieur d'un boTtier de cellule (20). d'une premiere electrode (1 2) ayant une surface prati- 
quement depounnje d'un metal alcalin. d'une seconde electrode (18) incorporant des ions du metal alcalin et 
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I'application rfun courant ^lectrique ext^rieur k la cellule, si bien que la surface de la premiere Electrode est 
revStue du mStal alcalin qui est transfSrt sous forme d'lons da la seconds Electrode (iTi b su^T^et 

tet.or,del6pa«seurdela premiers 61^^ 

da la cellule (10) etr6dultalnsi la formation de dendrites demfitalalcalln. « pression interne 

9. ProcMd selon la revendication 8. dans lequel le mdtal alcalin est essentiellement eonstitud de lithium. 

10. Proc^d6 selon la revendication 8 ou 9. comprenant la forniadon de Electrolyte (14) soit sous fomie d'un solvant 
non aqueux contenant un sel d'un m6tal alcalin soit sous fom,4 d'un polymftTe sollJe condu«euJ^iqua 

Z'^rlf^ ''""^ quelconque des revendications 8 a 10. comprenant la fomiation de la cellule dans laquelle 
un sgparateur non conducteur poreux (16) sSpare la premiere Electrode (12) de la seconde (18) 

n'^ la revendication 8, dans lequel I'ensemblo placd dans le bottler de la cellule contient une premiere 
diectrode (1 2) qu, comprend une stnicture analogue k un sandwich d'un film qui est essentiellement dZiTu de 

Sr:Se1i?):d?sCZ;r" " '^'^ " "^^'"'^^ '"^'"^ '''' ^ ^ ^ 

izTJTo::::^^:^''^ '^^'^'^ ' ' ^^^^ ^ ^^"^ * ^ p^-'^- ^-trode (12) 
^s^rursi^^rrrr.^^^^^^^^^ 

m6lalrevatudecuivre.deniclwl.d'acier inoxydable.de chrome oud'or. ;«suormeeaun 

fomiedun solvant nonaqueuxcontenantunseldeli1hiumsoitsousfom.ed'unpolym6re8olldeco^ucte^^ 
19. Proc6d6 selon la revendication 10 ou 12, dans lequel la solution non aqueuse est LIAsFe. UBF^ ou LiCIO^. 
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FIG.l 
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